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[et al.]. Vorträge Dreiländertagung OVG, DGPF und SGPF. Wien, AT, 414-422.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
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Processing, geocoding and mosaicking of MiSAR data  
CHRISTOPHE MAGNARD1, MAX FRIOUD1 & ERICH MEIER1 
EADS MiSAR ist ein Miniatur FM-CW Ka-Band SAR-System, entwickelt für UAV-
Plattformen wie dem Deutschen LUNA-System. MiSAR kann Echtzeit ("Video-ähnliche“) 
SAR-Bilder liefern. In diesem Modus werden SAR-Bilder mit einer Rate von ~1 Hz erzeugt, 
mit einem Überlappungsbereich von ~90% zwischen aufeinander folgenden Bildern. Im 
vorliegenden Artikel wird ein Ansatz präsentiert, wie aufeinander foldende Bilder 
sequenziell, mit Hilfe von Flugzeug-Navigationsdaten, einem Geländemodell sowie den 
Range-Doppler Gleichungen geokodiert werden. Das Resultat der anschliessenden 
Mosaikierung ist ein Bildstreifen beliebiger Länge. Um eine optimale Grundlage für 
Geokodierung bereitzustellen wurde eigens ein neues, SPECAN-basiertes 
Fokussierungsverfahren implementiert, welches aus den "range-komprimierten" Daten die 
benötigten Einzelbilder samt geometrischen Parametern liefert. Die Ergebnisse zeigen eine 
gute Fokussierungsqualität sowie eine sehr hohe Geokodierungs-Genauigkeit. Die 
Implementierung erlaubt eine Geokodierung/Mosaikierung auf beliebige geodätische und 
kartographische Referenzsysteme. 
1 Introduction 
EADS2 MiSAR3 is a miniature FM-CW4 Ka-band SAR system developed for Unmanned Aerial 
Vehicle (UAV) platforms such as the German LUNA system. MiSAR is capable of providing 
near-real-time (“video-like”) SAR images. In this video-like mode, SAR images are generated at 
a rate of ~1 Hz, with an overlap area of ~90% between successive images. 
 
An approach using coregistration of successive images to reconstruct the whole scene is 
presented in SAUR et al. 2007. However this method has some limitations: the coregistration does 
not work well in low-contrast areas. In such cases, coregistration errors in one patch propagate to 
all the following patches (see Figure 1), and the recovered geometry is not well defined and does 
not properly account for the topography. Our approach is thus to sequentially geocode the 
patches using the airplane navigation data, a reference DEM (or a constant height if not 
available) and the range-Doppler equations. This approach avoids the danger of error 
propagation and delivers a geocoded image, i.e. an image referenced to a standard map 
geometry, which is highly desired for operational activities.  
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Fig. 1: Propagation of an error using the coregistration technique of assembling successive patches. 
2 Method 
The segment-wise geocoding approach was first tested on the focused video-like SAR images 
that were provided. This attempt was unsuccessful since some of the required meta-data used for 
during the original image processing were missing. Thus, we decided to additionally work with 
the provided range compressed (RC) data of the whole scene. For this purpose, we had to 
implement a focusing algorithm comparable to the one used to generate the video-like images, 
i.e. a SPECAN focusing algorithm (LANARI et al. 1998). 
 
2.1 Navigation data post-processing 
The navigation data come from conventional GPS and INS systems. The data from both systems 
are merged in real-time; we only have access to these partially processed data. These data show 
some non-linearities, which require smoothing to prevent errors in the motion compensation step. 
This is achieved using Kalman filtering of the navigation data (KALMAN 1960). 
 
2.2 SPECAN processing algorithm 
MiSAR is designed to be used on a UAV, i.e. a very light airborne platform which is strongly 
influenced by atmospheric turbulence and could be operationally used on non-linear flight tracks. 
Processing data collected along such irregular flight tracks, and additionally using a very short 
wavelength such as Ka-band, may range from difficult to impossible with conventional stripmap 
processing algorithms: motion compensation methods can only handle relatively low departures 
from a straight flight path and constant velocity. Such data could be processed with a time-
domain back projection algorithm, but this method is very time consuming and thus could be 
very difficult to use for delivering real-time video-like images. Alternatively, the data can be 
divided into many sub-segments with near-linear flight paths. Those segments can then be 
separately processed and reassembled in a post-processing step. 
 
The SPECtral ANalysis (SPECAN) algorithm is a computationally efficient method for 
processing the azimuth segments, and it has the advantage to intrinsically deliver a focused 
image with a larger azimuth extent compared to the input burst azimuth extent, i.e. delivering a 
focused image for nearly the entire illuminated region, even in the azimuth dimension. In our 
case, with bursts smaller than 1 second and MiSAR's azimuth beam-width of about 14°, this 
extent is more than ten times larger. This permits a large overlap between consecutive focused 
images without overlap of the input burst. Obtaining comparable images with other stripmap 
processing methods such as range-Doppler, Ω-k or chirp scaling would be computationally much 
more complex. 
 
The basics of SPECAN are described e.g. in CUMMING & WONG 2005 or CURLANDER & 
MCDONOUGH 1991. These references are suited for the processing of SAR configurations with a 
small antenna beam-width and usually also for a small or even zero squint angle (typically for 
spaceborne data takes in ScanSAR mode). Very little literature is found about SPECAN applied 
to airborne SAR processing. Concerning azimuth processing, the most important assumption 
made in SPECAN is that the Doppler rate fRa is constant for any target during its whole 
integration time and that this rate is also the same for all targets at the same slant range. While 
the Doppler centroid fDc is deduced from the navigational data, the Doppler rate is taken as its 
instantaneous value for a target at a given slant range r and a given squint angle θsq associated 
with the Doppler centroid relative to the linearized track. At a carrier wavelength ? and for a 
linearized velocity v and at a slant range r, the Doppler rate is linked to the Doppler centroid as 
follows: 
 
( )
λ
θ sq
Dc
v
f
sin2 ⋅⋅
=  (1) 
 
( )( )
r
v
f sqRa
⋅
⋅⋅
−= λ
θ 2sin2
 (2) 
With the previously mentioned constant Doppler rate assumption, all the targets at the same slant 
range have a similar Doppler history. In a diagram of fDc versus the azimuth time ta these 
histories are represented by straight lines with slope fRa (ramps). The principle of SPECAN is 
based on the observation that the position of any target (or equivalently its azimuth time) is 
uniquely determined by its frequency value at some reference time. This equivalence makes it 
possible to reduce the processing to 2 steps only, namely the de-ramping and the spectral 
analysis. The de-ramping transforms the Doppler history into constant frequency lines, and the 
spectral analysis maps these frequency components to the azimuth time.     
 
In our approach the spectral analysis is performed through a Scaled Fourier Transform as 
described in LANARI et al. 1998. Compared to the simplest variant of SPECAN using a simple 
Fourier Transform, this has the advantages of producing images with range-independent azimuth 
pixel spacing ?a, thus avoiding the need of interpolating the data at the final stage, and of 
making it possible to adjust ?a through the adjustment of a scale factor.     
 
A flowchart of the SPECAN-based azimuth focusing algorithm used for the processing of 
MiSAR data is shown in Figure 2. The most important steps prior to the focusing itself are the 
track linearization i.e. performing a first order motion compensation and the range cell migration 
correction, which is performed in the range-Doppler domain. The Scaled Fourier Transform is 
performed via fast-convolution using the Chirp-Z Transform. Filters are used to reduce side-lobe 
effects. The image is delivered in a nonzero-Doppler centroid geometry. 
 
Fig. 2: Flowchart of the SPECAN implementation for azimuth focusing of the range compressed burst 
data. 
 
2.3 Mosaicking and geocoding 
Mosaicking and geocoding proceed as follows: 
- A first short burst of data is cut from the RC data, i.e. a pre-determined azimuth segment 
over the complete range, and focused using the SPECAN algorithm (Fig. 3a and 3b). 
- The central azimuth region of the focused sub-image is extracted (Fig. 3c). 
- A set of points around the perimeter of this central region is projected into a map 
geometry using a forward geocoding algorithm (Fig. 3d). 
- A region of interest containing the coordinates of the geocoded points plus a margin can 
then be defined (Fig. 3e). 
- A regular grid in local map coordinates is created in this region of interest. The samples 
are then extracted from the input data using a standard backward geocoding algorithm 
(Fig. 3f). 
- The next burst of the RC data is cut and focused (Fig. 3g). The region of interest is 
enlarged to contain the new data (position determined through the forward geocoding 
process). The focused data are geocoded on the enlarged image, and so on until all 
subsequent patches of RC data have been processed. 
 
 
 
Fig. 3: Schematic description of the mosaicking and geocoding algorithm. 
 
Both backward and forward geocoding processes are based on a standard range-Doppler 
approach (MEIER et al. 1993). The forward geocoding method starts from a set of range-azimuth 
coordinates. The corresponding position of the pixel in the chosen cartographic coordinate 
system is determined using the linearized navigation data corresponding to the segment, a DEM, 
the range distance to the sensor and the Doppler properties of the pixel. During backward 
geocoding, the range-azimuth position of a given cartographic position is calculated using the 
same information as used above. 
  
The forward geocoding algorithm uses some approximations: calculations are done in map 
coordinates assuming a flat Earth, thus only generating an approximation of the geographical 
position. However, since this step is only performed to determine the region of interest, it does 
not need to be extremely precise. On the contrary, all geometrical calculations in the backward 
geocoding algorithm are done in global Cartesian coordinates, and thus the retrieved geometry is 
very reliable. Because fitting a focused SAR image onto a DEM is not a one-to-one operation, 
the backward geocoding interpolates the pixels in the range-azimuth image. An anti-aliasing 
averaging filter is sometimes needed before the interpolation to satisfy the Nyquist condition, 
depending on the input and geocoded pixel spacings. 
3 Results 
3.1 Focusing MiSAR RC data 
Experimental results show a very good focusing quality. Unfortunately, no corner reflectors were 
used on the provided scene; thus it is not possible to calculate the effective resolution or PSLR1 
values. Images focused with the SPECAN algorithm were compared to the ones delivered by 
EADS and seem qualitatively very similar. An example of a MiSAR image processed with the 
SPECAN algorithm is shown in Figure 4. 
 
 
 
Fig. 4: Image focused with the SPECAN algorithm. The individual RC data bursts are 0.7 s long (or ~22 m 
flight distance). The focussed image covers a surface of about 310 m in azimuth x 800 m in range. 
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3.2 Mosaicking and geocoding 
Results obtained with the mosaicking and geocoding processing method result in a continuous 
image, i.e. without visible geometrical discontinuities at the segment edges. The geometrical 
accuracy depends on the accuracy of the navigation data and the near range value. As mentioned 
in section 2.1, the navigation system consists of the combination of conventional GPS and INS 
systems without the possibility of differential adjustment. Therefore the positioning accuracy is 
in the range of a few meters. A similar degree of accuracy exists for the map product used to 
validate the geocoding quality. With these limitations in mind, the geocoded SAR image 
nonetheless aligns with the map very well (see Figure 5). Ideally, corner reflectors should be 
used to assess the geometrical accuracy. 
 
Radiometric discontinuities are hardly visible, but could be still further minimized with 
improvements during Doppler centroid estimation and through the use of antenna patterns. 
 
 
Fig. 5: Extract of the whole geocoded scene (region Ulm, Germany). The image represented here is 
composed of more than 100 segments. Data are represented in the German Gauss-Krüger 3 Potsdam 
cartographic reference system.  Geobasisdaten © Landesamt für Geoinformation und Landentwicklung Baden-
Württemberg (www.lgl-bw.de) 
5'359'000 
5'357'350 
3'568'600 3'571'050
4 Conclusion 
The mosaicking and geocoding of MiSAR data approach is shown to be a successful method for 
reconstructing the whole scene as a continuous image from a video-like diffusion mode. No 
geometric discontinuities are visible between adjacent patches. The images produced this way 
are in a user-selected map geometry, contrary to coregistration-based methods which often 
produce images in poorly-defined geometries and may contain errors caused by patch-to-patch 
propagation. 
 
The video-like focused images provided to us could not be used directly because some auxiliary 
data were missing. We therefore used the range-compressed data and implemented our own 
SPECAN focusing algorithm, which was shown to deliver images of similar high quality. 
 
Improvements in the Doppler centroid estimation are currently being implemented. These will 
hopefully further improve the radiometric continuity between adjacent patches. 
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